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jg. ^ tjjoj: £^ A]~g-£}^ CuInSe 2 « CuIni- x Ga x Se 2 ^*M: 

^2:^ ^bfl 3.$. ^o]t4. 

^. 7 -|^. ^ [ M e 2 In-(uSeMe)2] -fM^r S^7l# ^ 

Sfl InSe ^"71 InSe ^ (hfac)Cu(DMB) ^H^fl* °l^-tb -fi-7]^f 5^ 

7l ^. ^3}-ig6|l <q*j] Cu 2 Se ^-^-i: ^ S?) Cu 2 Se ^ [Me 2 In-( u SeMe) 2 ] 

« -^7]^ sf^-7]^ CuInSe 2 #7l 

CuInSe 2 #41 [Me 2 Ga-( ySeMe) 2 ] *7l^ 3^7l# ^*fl 

CuI ni - x Ga x Se 2 ^*Hr ^ ^SLjL 

5. 5 
eJ) 0 ^*!, MOCVD, 
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^^^l 4HM^ ^11 S ^ {METHOD OF MANUFACTURING ABSORBER LAYERS FOR SOLAR CELL} 

5. i^. AM CuInSe 2 *fl2: 7^3^ ^ 

5L 2^ ^ ^<=1| 4^} InSe XRD ^39 = 

£ 3^. M. ^ofl trf-ef- Cu 2 Se ^3 XRD 

£ 4tt 44 CuInSe 2 ^4"4 XRD 44^ ZLBflH. 

£. 5^ 1^4 *fl2 tcj-s CuIni_ x Ga x Se 2 ^44 ^ ^-Sr 7fle^_o3. 44 

5L 6£r ^ 44 CuIni_ x Ga x Se 2 4"4^ XRD ^4* 44^ ^JlH 

5L 7£r 44 CuIni- x Ga x Se 2 W«1H [Ga]/[In-fCa]4 4°fl 4€- 34^" 
^ 2a4 c4 44^ 

£ 8-^ ^ ^<=fl 4s}- CuInSe 2 444 2:^4* 44^ ^ 

5L 9*r 44 CuIm_ x Ga x Se 2 444 2^4* 44^ S^S 

£ 10a ifl4 5. 10e^ 44 44 ^§-S€ CuIm- x Ga x Se 2 44 43- A ifl4 E4 
SEM °144 
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i> Bfl<# ^1 ^-=r^ *(|2:^1H 3} -2-3., £.4 ^l^j-Tfl^ MOCVD 

A>-g-§>^ ^^fHji 7>7>£ ^-2:1- CuInSe 2 * CuIni- x Ga x Se 2 :*|a*Rr "cHH 

2> CuInSe 2 H*V, "CIS'-eKa HO SE^r CuIni-xGaxSezM^K "CIGS"4:n. HO 3 
13> CIS ^) ^ Bfl^^l^ ^3€-§: Efloj^x]^ ^ 10 ^V°13.^ 

2\3L ZL^°) 19%S. 4* Bfl^^H «1 §11 -fi^S* ^ ^ ^ 7 > 

i4> o}ofl rc}-B}- tf-S^-* CIS ^* >llS§V7l ^tb 4^ M^lll 

5^4. n ^ ^>t+7> 4^*1 4,523,051Jl4 ^o], ^ ^7]oflAi ^ 
^X\f]^ ^^14. ZL&I4, ^^-Hfe #°1 <W*l ^(Effusion cell)^- *V$-*> 

7] ^^-ofl tflsg ^AV ^ tfl^SW Wl>g^^^ «r^|7> &4. *g-ig.£.3.fe 4*M**I 

4,798,660jL4 Cu-In 3^*1 » H 2 Se« 4*H: H"&- 7>>i ^7H^ 7><t*>°} 

5KSelenization)*Kr »^H4. H&14, H 2 Se 7}^te #H 4*4* 7}*lJL rfl 

^ ^AVoflfe nfl-f ^ 0 14. 714 ^^(Electrodeposition), °1|4^*1 
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(Molecular Beam Epitaxy) M'*«oi**Wa SU>h SLVS\^o}^ <M4<Wa 7\ 
5L 6-71^-^ 3^71 # (Metal Organic Chemical Vapor Deposition; "MOCVD" 

a *\^\^ ?h 7>^- 

> zL&m, MocvDfe ^s.^ *hh*i *)^*r?fl 7}# ji^s- 

^ 7l^ol^^, ^2j)<^ MOCVD 7l#5L CIS Bfl°<f 31*1* ^2: ^ 

7> c^vf CIS 31fe CIGS ^^1^71 7l*<* w^KMoM: 

(sputtering)^ Wa, 7|^S ^V**^. 

nam- ^7l^ &_ojel3., *hfr3.3: JL^sm #%«*flfe ^ °i 

SftSft^- 

18> £ ^71^ ^ ^Hfl 7]#^ &*\}^ n^}7\ 3^3-, MOCVD * 

^ A}-g-^-c^ 7 }77}^r ^» 3fe CIS S^r CIGS *l]2:*Kr «<^* *ll * 

:19> £ rq-€- *| «1 -g- tfl^= ^aJ-o] 7>^ MOCVD «o V 

3*fl 3)"$ #*l-§- CIS CIGS ^-^Hr ^-Sr ^^7] 3Ht}. 

n<$ ^1-8- CIS 21^ CIGS ^J-^bg: *ll2:£Hr ^-i: *)]^r7l ^ 
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2. tq-^r s-^^- ^<>1 THr^^M -fr^* 7}^. Efl<£ CIS S^r CIGS 

^] 

> o]^., %2-*H 4^- «r^*m CIS 3£^r CIGS 

4> «><2}- ^-o], Mo 7l^r ^ ^(In) ^ €3]^(Se)» X^fe 31^ 

31 ^, [Me 2 In-(uSeMe)] 2 » MOCVD^H ^^fl InSe *-S«.(S101). Mefe 

(methyl )* , u^r Se<>l In^ 0^.03. 1L (bridge) € ^ 

A. 7}%^r <£ti>3Jl3. A}-§-S>ir -B-e) 71 Jfto] oyvje}. -fr<£^ Mo 71^ 

avs-^- o.s.*q , 31 <£ <^^7>x| ^iAS €^*Kr 7V^^. 

25> #7)1 S101<4M ^€ InSe ^ #<*fl Cu 17> #^-31 (hfac)Cu(DMB)lr M0CVD1H 

4\n Cu 2 Se ^-S- «8^*i=KS102). (hfac)^ ^^S-S-oHm^HlS. 

(hexafluoroacetylaceto)^ «*3M*1, (Dlffi)fe 3,3-^<>H€(dimethyl)-l-^^l(butene)^ ^ 

:26> ^Tfl S102*IH Cu 2 Se ^ #°fl In ^ Se» 3f#*Kr ^ 31^1 ^, 

[Me 2 In-(uSeMe)] 2 » A>-g-^ MOCVD^^l *M CuInSe 2 S103). CuInSe 2 *t 

^ ^a^I 3}^ [Me 2 In-(uSeMe)] 2 £r S101«lH o]-§-s)^^ ^ ^^Vi}. 
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MOCVD (hfac)Cu(DMB), [Me 2 In-( uSeMe)] 2 ^ [Me 2 Ga-( u SeMe)] 2 ^ ^In^r 

#<H 91^ wll:^ (bubbler )7> cK^fl zj- ^^7> ^l^* 

^V^^-S. %-g-*>5L3.#| , ^^-S. CIGS ^-§- ^Ps^r^r. 

51 2^ ^r^l S1014H InSe XRD ^o]^. 51*1^ v\<% ^o] t p-inSe 

^ i^^ji ^o.^ InSe ^<>1 % OT". 
51 3£r #7f| S102<*1M Cu 2 Se XRD ^L^°l^. 51*m W><4 £o| , 

InSe ^<>1 Cu 2 Se ^5L5L £ ^ X^i ^^-*1(XRF)5. sKM In 

^ ^^JL ^^^1 Cu 2 Se5L 3^ &^§: *r fl5W. - - InSe *J*M 

(hfac)Cu(DMB) MOCVDS. Cu» ^ In£ A^luL CuJL S^l 

£M Cu 2 SeS- 

51 4fe #7il S1034H CuInSe 2 XRD ^o]tf. 51*13 ^ £o] , 

CuInSe 2 XRD ^€^1 ^35LjsL <£3*l CuInSe 2 4^ ^ <|3*RVt}-. 

Tfl (Tetragonal) ^ ^ ^ 5^. 

L> 51 5fe £r *i|2 ^1<4H CIGS *fl3L 7fllf^5LS. M-^^i « 

51^1 t=t. 

2 > SL^m «r*r #7)1 S201 S203^r ^7lt CIS ^ *l2^sr *^«r^. #7fl 

S2034H C uInSe 2 W ^ ^f-(Ga) ^ Se» 5L^V^ ^*fl ^, 

[Me 2 Ga-(ySeMe)] 2 » *Y*1k MOCVDIH 4)41 CuI ni _ x Ga x Se 2 ^* MfctK** S204). 
[Me 2 Ga-(uSeMe)] 2 ^ ^1 [Me 2 In-( ySeMe)] 2 41 In ^ Ga-ir tfl*H«; 
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CIGS n^&l In4 Ga^ S^«H "M* «-<&}^7l ^*H, #31 S204<*lH^ 
^ In ^ Ga^ , 2^*17} 57fl^ a]s.(A, B, 

C, D, E)» ^wl^^rf. CuIm- x Ga x Se 2 WW x ^, [Ga]/[In+Ga]3 2^*1^ X# 
*1(XRF)3. SA>s)^^, z^-zj- o, 0.062, 0.19, 0.34, 0.96^14. 

£ 6^ ^ *j| 2 ^HH-H CuI ni - x Ga x Se 2 ^ A, B, C, D, XRD ^M**. 

[Ga]/[In+Ga]^ £^«H ^ ^^ 7 > 2 © *°1 - **^3- fc* 1 *- 

^ 7^ x ^, [Ga]/[In+Ga]^ S^*H xt}-^- 3*V^r 2a^- =Li%Z.°) 
t}-. z>ol, x7 > ^7>^1 nJ-Ej- 3*}^ 2a^- c7> ^^-^ #^>^ 

[Ga]/[In+Ga]S) 2:-*<H 4^ 3*V^r 2a^V AA 0.329^ 0.6025L €■ 

ftr*. 5E*V, CuInSe 2 ^^ #*rfe a=5.77A, c=11.54A<L5L ^^(Gryunova)^ 
^ ^s}- *fl^- :£ <a^]W. CuIni- x Ga x Se 2 X 7> 7}# €■ 0.96(X|£. E) 

<?lcll, °1 ^Jf a =5.612A, c=10.953A ^i^>7> CuGaSe 2 ^ ^^HK* a=5.60A, 

c=10.98A5il- * «*|** $ <r 5£^. 
>> S. 8 ^ £ 9^ 4^ *H1 ^ A HH ^ CIS ^A*\- & ^2 ^ 

X|6|4| rcJ-H}- CIGS 3t^«H tfltt (In+Ga) 2 Se 3 Cu 2 Se» Sl^r 

3#^r ^^S(Groenink)^- <&*flOanse)<*l ^*fl ^ «1**M§ 

(non-molecularity)^ alSW**^ (non-stoichiometry)* 4^4. tf 2 ^ ^°<^ ^ Cu 
: In : Se = 1 : 1 : 2^ 7>^1^ S^^. 

it> £ 8^1 -i^^l ^ ^Hr7fl^ CuInSe 2 *1 X^-ft £ ^ 

6fl ttj-aj- CIS ^A-& Cu : In : Se^l «l7> 7^ 1 : 1 : 2<^1 7>^7fl 

^ £ 9^] ^ B, C, D, E^r [Ga]/[In+Ga]^ S^l?} zj-z* 0.062, 0.19, 
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0.34, 0.96*1 X|*<* tfltV SAS, In. Ga^ *1* WJ* CIGS VWW^S- Cu : 

(In, Ga) : Se^l «1 7> 1 : 1 : 2<fl 7pM «<M<H * ^ 

°W * *W ^ CISS * CIGS WW.^ 

3$*+ jao^a $a4. ^ i^H ^ A 3^M mocvd nw^a **Ks 

7>^m <^-§- fiol 7>^%-^ tt ^ »th 3£ 

tb, [Ga]/[In+Ga]^ *1» ««tfe tfla <£^*1 Cu : In(Ga) : Se *)7\ 1 : 

1 : 2^1 7}v}-£ « SH^h 

3> £ 10a £ lOe^r AA * ^ GIGS «^ A] a A, B, C, D, 

*1, [Ga]/[In+Ga]£| Wl?fl * ^ * ^ 

=o> «■ *113 -SAN** 4|2 #7fl S204<M a}-§-^ ^^(|» 

[Me 2 Ga-(uSeMe)] 2 tflAl [Me 2 In-( uTeMe)] 2 3L*r [Me 2 In-( ySMe)] 2 » A^aa* , Se^ ttf- 
» Te, S •y $ 5 *UMJfl ^ . °H ^ CuIn(Se,S) ^ CuIn(Se,Te) : f- 

41> o}^6\)A\ «>^« ^*H* £t -M^SU-^. A > 

CuIru- x Ga x Se 2 0^1) « CuIn(Se.S) i**H -M*^ 1 *. 

o lfe ^7l^a ^ i^, ni«* « vi^ 4i&# ^€ ^€ I-III-VI 2 
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#04 3^1* AV-g-^r ^ m 71^3- ^!*fl HI-VI *W fl***. 

Ill* €^*r In, Ga te Al * ^7l*3.4M 3*41 **Kr SL^- 5L , VI* €^ 

Se, S te Te ^AS. ^7l^MH VI*<>fl **Rif- M Stt4. W . 

€ III-VI InSe, GaSe, AlSe, InS, GaS, A1S, InTe, GaTe te AlTe ^°1^. 

3> ^2 #313- III-VI ^ #ofl ^(ofl^tfl, Ag Cu *)* it^ 31^(17} 

te 27> s-^m -h-71 s** 7}^ **w<* m i 2 -vi 

I* €te Cu te Ag * ^7l-§-3L<^ l*ofl #*>fe te iW*. , ^ 

^■^ I 2 -VI Cu 2 Se, Cu 2 S, Cu 2 Te, Ag 2 Se, Ag 2 S te Ag 2 Te 

14> ^|3 #313- I2-VI ^ HI* * VI* *J4i* 5-W*r ^t 1 ^* *V&-^ -B" 7 ! 
^ ^ 7]^. ^^0,1 I-III-VI2 * ^ ^ ^* 

^-S- ^tb^-. HI* ^ VI* €te ^1 #31^ €^ ^^M^K 

45 > ^o> 7 >, *fl4 #313. I-III-VI2 W a III* « XWfe 

AVg-tfr -B-71^ J*^ 71^ ^MMH 3*fl, I-HI-VI2 31-8-^|(s0lid 

solution)-! tiHM- ^ls^ ^ $14. °H a>-8-^ in* te VI* €te *fli #31 

g *fl3 #3141*1 A>-g-^ ^2Hr t}^ €4^1^. <=»H * V ^- CuIni- x Ga x Se 2 , 

CuIni- x Al x Se 2 , CuG ai - x Al x Se 2 , AgIni- x Ga x Se 2( AgIm- x Al x Se 2 , AgI ni - x Ga x Se 2 , CuIn(Se,S) 2 , 
CuGa(Se,S) 2 , AgIn(Se,S) 2 , AgGa(Se,S) 2 , CuIn(S e> Te) 2 , CuGa(Se,Te) 2 , AgIn(Se,Te) 2 , 
AgGa(Se,Te) 2 , CuIn(S,Te) 2 , CuGa(S,Te) 2 , AgIn(S,Te) 2 g AgGa(S,Te) 2 *§■<>] $X^- 
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tcj-eH, 7l# <y<q<q I-III-VI2 ^ ^-MCsolid 

solution) *5E*te 7flAl§>^ %<L3. ^£H<>> W". 

(III)-(u(VI)Me)] 2 ^H3*l «WI *a. * «^7>*l Bf- 

3£ ^ Jg.^ ^ °^ 7 > 5fe *J3L<>1 ^>*>S-S- W 

^eJ-SL 5L^ -fi-^Vtb H^7> i+Bj-^r ^ol7l ifl€-om.. p>^V7>^|S. Cu» 3LlH*Hr ^^IS. 
(hfac)Cu(DMBH ^33^ °V^. 

S> ^O] ^ ^ofl ^ 2^ S^S-Ai ^*Rr 7>^m 

4) CuIni_ x Ga x Se 2 ^ Bfl^^l-g- *fl2^Kr 7>^^. 

19> ^ ^ofl ^2: #^-3. ^fll-g-^S. CuIni- x Ga x Se 2 ^ ^fl^^l* 

50 > £ ^ofl Bfl<£ ^.g. CuI ni - x Ga x Se 2 *flS« W ^t 1 *^ 

52> S^ofl £Al^ ^Hfe ^ ifi^ 7^3 tb^Hr 
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7i#^ tq-^v fgns. ?m €3*^ *w JWfrHs.. * *<m *w* 
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11 

I-III-VI2 412:^ I-III-VI2 W fl 6 ^ 

^. ^^6)i s}*b iii-vi 3^1: ^ A 3*Hr *iU #31; 

^aj-^6fl <q*fl i 2 -vi ^-i- ^2 #31; ^ 

^-71 I2-VI ^ #<*H III^ ^ VI ^ ^« 3.^-*Kr -fr 

7]^ s^7l# ^tlH ^*fl I-III-VI2 ^*H=r ^13 #31 ♦ S^fe 33* 

s-^5L *fe I-III-VI2 
2] 

^>7i *il3 #7!i*| 1-111-VI2 *WHi W W ni^ « vn* iW* #ii ^ 

4* -fr7l^r Wl^- W<1 I-IH-VI2 *HH* ^ A 3*Hr #3l» 

^71 *fl4 #7^ Ill^f ^-71 £ ^113 #31^ Si^Hr III^ €^^1 3* 

^AS I-III-VI2 *M3"# 

3] 

211 a^H, 
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*7l *3 I-III-VIz W HI* * VI* aWfe ^^P- 

-fM^ ^71^- ^*JI I-III-VI2 *W *H 

^•71 4|4 #7fl3 VI* €^*r ^-71 afll ^ *fl3 3*Hr 4^ VI* $.±-91 * 

%1L3, SHf I-III-VI2 ^-W 
4) 

^71 5*111 ^ *)13 ^Sflfe [Me 2 In-(uSeMe)] 2 ^l ^SLS, I-III-VI 2 $r 

I^Ttf 51 

#7} *I12 #31^ (hfac)Cu(DMB)^! *^-2-3. *Kr I-III-VI 2 ^ 

l^^J- 6] 

^2^1 5a°H, 

^•71 *U [Me 2 Ga-(pSeMe)] 2 <2 *Hr I-III-VI 2 *W * 

2 ^ . 
[^^% 7] 
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#7) I-III-VI2 SIW- 

CuIni_ x Ga x Se 2 , CuIn 1 _ x Al x Se 2 , CuGai- x Al x Se 2 , AgIni- x Ga x Se 2> AgIn!_ x Al x Se 2 , AgIni- x Ga x Se 2 S. 
^€ ^SLS, I-III-VI2 ^> 

[St 1 * 8] 

*ll3^1 

-^7] I-III-VI2 Sl-W CuIn(Se,S) 2 , CuGa(Se,S) 2 , AgIn(Se,S) 2 , AgGa(Se,S) 2 , 

CuIn(Se,Te) 2 , CuGa(Se,Te) 2 , AgIn(Se,Te) 2 , AgGa(Se.Te) 2 , CuIn(S,Te) 2 , CuGa(S,Te) 2 , 
AgIn(S,Te) 2 * AgGa(S,Te) 2 S ^fi^l -M* ^€ I-III-VI 2 « 

1^*8" 9] 

7m In £ Se» i^*Hr #^1* A l"§-^ -fr^l^r ^7l^ 

InSe *|^Hf 

#7l InSe W #<>fl Cu ^Sfl* -fM^r S^ltf ^HHl ^ Cu 2 Se *W 

-a- ^*l-b #31; ^ 

^•71 Cu 2 Se ^ #<*fl In g Se* SL^Rr #<|3 ^*«» °l-8-3: 4M^r 3^71 

# ^v^ofl CuInSe 2 ^*Hr #31» 5L^*Hr ^ 3)°<M*1 ^ 

10] 

319^1 SXW, 
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' #71 CuInSe 2 W ^ Ga g Se* iWfc ^M* ^ 7 1-- 

9\n CuI ni _ x Ga x Se2 ^* 3 » ^* ^°^ d 

*1 ^rf^ A3i 1HL 
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[6a]/[ln+Ga] 
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